We surveyed 291 MSX/2MASS infrared objects in the 7
Introduction
The Galactic bulge embraces a large number of masslosing Asymptotic Giant Branch (AGB) stars (Habing 1987) . They supply gases to the Galactic nuclear disk, gradually fueled for the activity of the Galactic center (Blitz et al. 1993) . The bar structure of the bulge is requisite for infalling the gases to the central nuclear cluster containing the central black hole (Regan & Teuben 2004) . Though a considerable amount of theoretical and observational works have been made for understanding the central part of the Galaxy, it is still not very clear how the stars revolve around the Galactic center (GC) in the bar-like potential, and how they play in feedback loops of reincarnation through the star-forming gas clouds to the bar structure.
In theories, stellar orbits in the bar-like bulges are mainly composed of the x 1 and x 2 families, which fabricate the bar with two elongated features along and perpendicular to the bar (Contopoulos, Grosbøl 1989; Sellwood & Wilkinson 1993; Binney, Merrifield 1998) . In the past studies, the large-scale bar structure with ∼3:1 elongation, which appears to make an angle of ∼ 30
• from the Sun-GC direction, revealed in the distribution of infrared sources (Nakada et al. 1991; Blitz, Spergel 1991; Dwek et al. 1995; Nikolaev, Weinberg 1997; Babusiaux, [Vol. , Gilmore 2005) , and other objects (Paczynski et al. 1994) . Moreover, the position-velocity diagrams of the CO, 13 CO, and HI gas distributions clearly indicate the presence of such inner-bar structure (Binney et al. 1991; Weiner, Sellwood 1999) . However, the inner structure corresponding to the x 2 orbits did not clearly reveal in the near-infrared COBE maps ( Binney, Gerhard 1996; Launhardt et al. 2002) , Recently, Alard (2001) and Nishiyama et al. (2005) analyzed the NIR photometric data of stars toward the inner galactic bulge, finding a presence of the small-scale feature (|l| < 2
• ) which is possibly elongated perpendicularly to the large-scale bar structure.
In order to study kinematics of stars in the Galactic bulge and its relation to the bar dynamics, we performed in this paper a new survey of mass-losing infrared objects in the central part of the Galaxy using SiO maser lines. The SiO maser lines give a precise radial velocity of the central star under mass loss, i.e., the mean velocity of approaching and receding parts of the circumstellar shell (Jewell et al. 1991) . Therefore, obtained radial velocities can directly be interpreted as the stellar velocities. Because ages of these AGB stars are ∼ 0.2-1 Gyr (Mouhcine, Lançon 2002) , they are dynamically relaxed in the bulge (Arad & Johansson 2001) , and therefore can be used as good tracers of the velocity field of the bar-like bulge.
A number of studies of stellar maser sources have been made toward the central part of the Galaxy Izumiura et al. 1995; Sjouwerman et al. 1998; Deguchi et al. 2000; Deguchi et al. 2004a ). This paper particularly focuses on the area of the inner bar region (|l| < 3.5
• , and |b| < 1 • ). Because the IRAS survey was very incomplete in this region due to source confusion in the high source density area, the previous SiO survey based on the IRAS catalog in this region (Deguchi et al. 2000 ; |l| < 3
• , and |b| < 3 • ) sampled the objects at more or less higher latitudes (|b| > ∼ 1 • ). Furthermore, the other unbiased surveys (non-targeted surveys; Shiki et al. 1997; Miyazaki et al. 2001; Deguchi et al. 2002) inevitably focused on the much smaller areas near the galactic center.
This paper presents the result of SiO maser survey of MSX/2MASS objects in the area |l| < 3.5
• , and |b| < 1 • . The source sampling was made based on the MSX and 2MASS catalogs: the MSX catalog (Price et al. 2001) provides a large number (≫ 1000) of middle-infrared sources in the above area, except very near to the galactic center ( < ∼ 10 ′ ). With 2MASS identifications, the AGB stars under mass loss are easily picked up effectively excluding young stellar objects from the sample. These objects are used as dynamical tracers in the inner bar region of the Galaxy. Because the SiO survey of the very central area (|l| and |b| < ∼ 15 ′ ; inner ∼30 pc) have already finished (Imai et al. 2002; Deguchi et al. 2004a) , we excluded the central 15 ′ area from the present survey.
Observations and results
Simultaneous observations in the SiO J = 1-0, v = 1 and 2 transitions at 43.122 and 42.821 GHz, respectively, were made with the 45-m radio telescope at Nobeyama during the periods of 2004 February-May, and 2005 FebruaryMay. Prior to the main long-term project of 2004-2005, a pilot study of about ten sources for this project was made in May 2003; detections in this pilot study were also involved in this paper. We used a cooled SIS mixer receiver (S40) for the 43 GHz observations and accousto-optical spectrometer arrays, AOS-H and AOS-W, having bandwidths of 40 and 250 MHz with 2048 channels each; the effective velocity resolution of the AOS-H spectrometer was 0.3 km s −1 . They covered the velocity range of ±390 km s −1 , for both the SiO J = 1-0 v = 1 and 2 transitions. The overall system temperature was between 200 and 300 K, depending on the weather condition. The half-power telescope beam width (HPBW) was about 40
′′ . The antenna temperature given in the present paper is that corrected for the atmospheric and telescope ohmic loss, but not for the beam or aperture efficiency (≡ T * a ). The conversion factor of the antenna temperature to the flux density is about 2.9 Jy K −1 . To save observation time, we employed a position-switching sequence, Off-On1-On2-On3 to observe three objects at once, where the off position was taken 7
′ west of the first-object position (On1) in right ascension; the separation of the off position corresponds to the angle moved by an object in the sky during the typical integration (20 s), additional telescope-slewing, and settling time (10 s), so that the integrations were made nearly at the same elevation angle. With this sequence, we saved about 50% of the total observation time compared with the time of simple On-Off sequences. Further details of SiO maser observations using the NRO 45-m telescope have been described elsewhere (Deguchi et al. 2000) , and are not repeated here.
The source selection was made from the MSX and 2MASS catalog, by applying the following criteria: 1. |l| < 3.5
• and |b| < 1 • . 2. MSX objects brighter than F C = 1.75 Jy (with F E > 0) with 2MASS NIR counterparts within 8 ′′ , where F C and F E are the flux densities in the MSX C (12µm) and E (21µm) bands, respectively. 3. K < 11.5, H − K > 1.0, and K < 6.0 + 1.6 × (H − K)
for the 2MASS counterparts.
The similar criteria except (1) have been used for the previous SiO maser searches in the Galactic disk (Nakashima, Deguchi 2003; Deguchi et al. 2004b) and are approved to be quite effective for picking up the masslosing AGB stars with SiO masers, though a small number of young stellar objects, which have similar colors, inevitably contaminate the sample. From the sample, we excluded several objects which were already surveyed in the same SiO lines (listed in Table 4 ). We included these objects for the statistical analysis in section 3 (except J17512667−2825371=IRAS17482−2824, which is apparently a foreground object), but not involved in this sec-tion.
We also observed a few, additional interesting objects in this area for the sake of completeness; they did not necessarily satisfy the above criteria. These are known OH 1612 MHz sources, bright NIR objects, and bright MSX objects with dubious NIR counterparts.
In total, we observed 291 objects in the area of 7
• × 2
• of the Galactic center, resulting in 163 detections in the SiO J = 1-0 v = 1 or 2 transitions. The observational results are summarized in Tables 1 (detections) and 2 (nondetections). Because the positional accuracy of objects in the 2MASS catalog (∼0.1 ′′ ) is better than that of MSX sources (a few arc second), we used the 2MASS positions for all of the observed objects except for a few sources (which were observed in the 2003 pilot study). Therefore, we used the 2MASS conventional names for object designation. Table 3 summarizes the infrared properties of the observed sources, listing the 2MASS designation, MSX(6C) designation, separation between 2MASS and MSX objects, 2MASS K magnitude, 2MASS J − H, 2MASS H − K, MSX flux density in band C (12 µm), and MSX color [= log(F E /F C )], the radial velocity of SiO, the nearest IRAS source within 60 ′′ , and the separation between the 2MASS and IRAS sources. The details of the spectral features and individual objects are given in Appendix.
The distribution of the sources in the selected area is shown in figure 1 . Though the source selection was not biased in the galactic latitude b, the detections (filled circles in figure 1) were found more in the upper half of the l-b plane. This is probably because dense clouds exist more in the b < 0 side. The 5
• × 2 • combined atlas of 2MASS and MSX images 1 gives several silhouettes against background dust emission at the positions coinciding with the source deficient regions in figure 1 
• ), and (1.7
• , −0.3 • ); in these area, source densities in the present sample show an apparent decrease (see figure  1) . The clouds seen in silhouettes have been considered to be cold dense clouds without massive star formation (Carey et al. 1998) . Though mapping of dense molecularclouds toward the galactic center, for example, in CS lines does not indicate very large asymmetry with respect to the galactic plane (see figure 2a of Tsuboi et al. 1999) , the distribution of cold dense clouds, which was revealed by the MSX survey, seems apparently more abundant in the b < 0 side. Furthermore the 2MASS atlas, which was noted above, does not seem to show strong asymmetry in b.
2 However, this is probably for the background level adjustment in making the atlas. Figure 2 exhibits the NIR magnitude-color (left) and two-color (right) diagrams of the observed objects. In the two-color diagram, objects falling in the area (J − H) < ∼ (H −K) are normally not O-rich AGB stars. However, because of the blending of stars due to the high star density 1 2 see http://www.ipac.caltech.edu/2mass/gallery /2mass msx gc.html toward the Galactic center, 2MASS photometry does not necessarily give accurate magnitudes. Therefore, we did not exclude the objects falling in this "forbidden" area (a lower right part of the right panel of figure 2 ) from the sample; in fact, we detected many objects in SiO maser lines; this effect was already studied by Deguchi et al. (2004b) . Figure 3 exhibits the MIR flux-density-color (left) and two-color (right) diagrams of the observed sources. Here, the MIR colors are defined as C AC = log(F C /F A ) and C CE = log(F E /F C ), where F A , F C and F E are MSX flux densities at 8, 12 and 21 µm (bands A, C, and E), respectively. Because the IRAS survey was incomplete in this sky area due to source confusion, and because the MSX survey sensitivities are considerably different in each band (band A is most sensitive), it is interesting to check whether the MIR color-detection rate relations still keep for the present MSX-based sample. The right panel of Figure 3 indicates that the SiO detected sources are peaked around (C CE , C AE )=(−0.05, 0.14), corresponding to the blackbody temperatures of about 360 and 400 K, which seems slightly higher than the temperature obtained from the SiO detection rate of IRAS sources (∼ 300 K for C 12 ≃ 0 [=log(F 25 /F 12 )]; Izumiura et al. 1995) . Figure 4 exhibits a histogram of the MIR color, C CE , and a line graph of SiO detection rate. The detection rate seems to be flat (at about 60%) between −0.4 -0.2 in C CE , and drops at both edges, reminding the same tendency of the SiO detection rates which have been found already by observations of IRAS sources (Izumiura et al. 1995; Deguchi et al. 2000) . These graphs assure that the sampling for SiO search was made correctly, aiming objects with a maximum SiO detection rate.
The extinction-corrected K magnitude (both for interstellar and circumstellar extinctions) for an individual object can be calculated from the corrected K-band magnitude, (1) where A K and E(H −K) are the extinction in the K band (both in interstellar and circumstellar) and the difference of extinctions at H and K bands (Whitelock et al. 1991) . Nishiyama et al. (2005) gave A K /E(H − K) = 1.4 for NIR objects toward the Galactic Center. Therefore we use this value for the calculation of the corrected K-band magnitude later on. We also assume that (H − K) 0 =0.5, corresponding to the M6III star without interstellar and circumstellar extinction (Zombeck 1990) . If the absolute bolometric magnitude is constant for the sampled objects, the corrected K magnitude, K H−K , can be regarded as an indicator of the distance. The histogram of K H−K of the present sample is shown in figure 5 with the SiO detection rate (line graph). The peak of the histogram occurs at K = 5.5 -6.0. Note that the M6III star without extinction should have K ∼ 5.5 at the distance of 8 kpc. Considering these facts, we believe that a majority of the sampled objects are located at the distances similar to that of the galactic center, i.e., in the Galactic bulge. Of course, a few bright objects with K H−K < 4, or F C > 12 [Vol. , Jy are probably foreground objects: they were excluded from the sample in the analysis of the velocity field in the next section.
We checked the previous OH 1612 MHz or H 2 O 22.235 GHz masing objects in the same area. Table 5 summarizes the results: 14 objects (these are mostly detected by the VLA or ATCA observations) are found to lie within a few arc seconds from the sampled objects, except OH357.77−00.15, which was a single-dish detection (Caswell et al. 1981) . The radial velocities of the OH 1612 MHz objects coincide well with those of SiO except one case, OH358.720−00.620, which was a single peak detection (Sevenster et al. 1997 ) of receding side of the expanding shell.
Discussion

Longitude-velocity diagram : overall structure
The radial velocities of the 163 SiO detected objects with additional 5 previous detections in table 4 (except IRAS 17482−2824 for a probable foreground object) are plotted against Galactic longitude in figure 6 . The CO J = 1-0 l-v map (Dame et al. 2001 ) and the map of the x 1 and x 2 orbits in a bar potential (Bissantz et al. 2003) are overlaid in figures 6a and 6b, respectively. The SiO and CO distributions seem to be moderately correlated: the source-sparse regions (we often called these as "holes" in previous papers; Izumiura et al. 1995) are seen around (l, V lsr )=(−2.4
• , 30 km s −1 ), and (−2.2 • , −120 km s −1 ), where the CO map (which indicates gas distribution toward the same direction) also gives a low emission intensity. More SiO sparse regions are seen around (1.5
• , 50 km s −1 ) and (−0.5 • , 30 km s −1 ), which coincide with the vacant regions of the x 1 and x 2 trajectories in figure 6b. These features are considered to be observational signatures of bar dynamics (Kuijken, Merrifield 1995) . However, a large difference between the SiO and CO distributions is recognized at the extreme high velocity part, i.e., outer envelope of the CO features; SiO objects are seen beyond the upper and lower limits of the radial velocity of the CO gas, which will be discussed in the next section. In addition, no strong feature in the SiO distribution is found for the velocities corresponding the 240 pc molecular ring (cf. Binney et al. 1991; Sawada et al. 2004) .
Furthermore, figure 6a indicates that more SiO objects appear at the negative velocity side than at the positive velocity side (113 against 55, respectively). This asymmetry of the source velocity distribution has already been noticed in Izumiura et al. (1995) and Deguchi et al. (2000) ; this phenomenon has been seen in all of the SiO maser velocity data toward the Galactic bulge. This is attributed to the preferential detection of the bulge foreside objects: the foreside (to the Galactic center) stars tend to have negative radial velocities and backside stars tend to have positive radial velocities due to bulge streaming motion in the x 1 orbits; preferential detections of the foreside sources with the telescope sensitivity reaching to the Galactic center objects make more objects with the negative velocities.
The other notable feature in figure 6 is a rough alignment of the objects along the line V lsr ∼ 100 × (l/deg) km s −1 (which is shown as the red broken line in figure 7b ) at the range |l| < 1.5
• , which roughly coincides with the x 2 orbit trajectories. This feature was not seen in the l-v map of IRAS/SiO objects in |l| < 3
• and |b| < 3 • (figure 6 of Deguchi et al. 2000) , in which the survey based on IRAS catalog was quite incomplete in |b| < 1
• . Therefore, it is highly likely that these are objects in the x 2 orbits. A full discussion of these objects will be given in Section 3.3.
Figures 7ab illustrate the high-velocity group of stars outside of the x 1 orbits and the low velocity group which presumably belongs to the x 2 orbit family. The boundary was drawn somewhat arbitrarily, though the source distributions and the model orbits were taken into account.
High-velocity objects in the longitude-velocity diagram
Figure 7a depicts the eccentric-group objects in the l-v diagram. These objects are chosen because of their positions out of x 1 orbit trajectories. They cannot belong to the normal outer x 1 orbits, because the x 1 orbits with larger apocenter distances take smaller |V lsr | in the l-v diagram, where the trajectories of such orbits are extended to the middle-right to middle-left (with an inclination due to a rotational motion) as shown in figure 6b .
Note that the high-velocity objects were found at very inside (|l| ∼ a few arcminutes from the Galactic center; van Langevelde et al. 1992; Deguchi et al. 2004a ) to the outside, i.e., |l| ∼ 3
• out of the molecular ring at R =∼ 240 pc. They are presumably in the orbits with peri-and apo-center distances of ∼ 0.01 and > ∼ 1.5 kpc, respectively, gaining a large kinetic energy with converting the potential energy. Because a stellar system is collisionless, their orbits can be intersected, even though such orbits are forbidden in the gas dynamics (e.g., Binney et al. 1991) ; the intersection of orbits causes strong shock in gas dynamics, quickly infalling gases to the inside ).
An inferred trajectory of the eccentric group in the l-v diagram (figure 7a), which is suggested from the SiO observation in the present paper, is shown in thick blue lines. We suggest that these are the objects in highly eccentric orbits along the bar with higher speed than normal x 1 orbit family (as shown in the lower left panel in figure 10 ). In this model, the orbit is prograde; the object in front of the galactic center should exhibits a large negative radial velocity and the object behind should show a large positive velocity.
In order to check the above hypothesis, we have calculated the average extinction-corrected K magnitude, K H−K , for the eccentric group in present SiO sample. The statistical analyses are summarized in Table 6 . We divided the 22 SiO eccentric objects into two groups: one with V lsr < 0 and the other with V lsr > 0 (upper and lower parts in figure 7a ). Figure 8 shows a histogram of K H−K for each group. We obtain [K H−K ] ave =5.7 and 6.0 for the V lsr < 0 and > 0 groups, respectively. Therefore, we again confirmed the tendency of the negative-velocity objects having larger brightness, though it is not statistically significant because of the small number; the t-test gives a 43 % probability for the null hypothesis of two sets having the same distribution function; in other words, only with 57 % of the confidence level, we can state that the average K H−K are different between the two sets.
In order to have higher confidence level in statistics, we have added 9 similar high-velocity eccentric objects in |l| < 3
• and |b| < 3 • , which was found in the previous SiO survey (Deguchi et al. 2000) . The results are summarized in the middle rows of table 6. With slight increasing numbers of the sets, the statistical confidence level increases up to 66 %. Furthermore, even if we added the other 15 eccentric objects (with 2MASS K-band identification), which were found by OH 1612 MHz survey in the same area (Sevenster et al. 1997) , the statistical confidence does not increase significantly. In fact, the addition of OH 1612 MHz causes a significant increase of [K H−K ] ave for both groups, as shown in table 6. Therefore, the NIR property of the OH 1612 MHz objects (detected by Sevenster et al. 1997 ) is inferred considerably different from the SiO masing objects, probably due to contamination by post-AGB objects (or even by young stellar objects) to the sample. In fact, 2/3 of the sampled OH high-velocity objects are at higher latitudes (1 • < |b| < 3 • ), suggesting that high velocity objects appear at considerably higher latitudes in the Galactic bulge (even higher than |b| > 3
• as suggested by higher-latitude SiO maser surveys; Izumiura et al. 1995) .
Above analyses revealed the tendency of the negative (or positive) high velocity objects being in front of (or behind) the Galactic center, although it is not statistically very significant. One reason for obtaining this indecisive result seems to stem from the use of 2MASS K magnitudes which were given only in one-time measurements. Because SiO masing objects are mostly large-amplitude variables as miras and semiregulars (for example, see Deguchi et al. 2004a ), the average of K H−K in the present sample inevitably involve uncertainty of about 1 magnitude (see Glass et al. 2001) . We believe that, if the K magnitude averaged over a light variation period is used, a significant improvement will be obtained in the statistical analysis. The other factor of uncertainty may be involved in the 2MASS photometric measurement due to blending of the star images. However, because of the small number, exclusion of these low-quality objects does not improve the situation in the present data.
The velocity distribution of stars in the bar-like bulge can be interpreted in terms of the periodic orbits which compose the bar potential (Schwarzschild 1979) . A number of theoretical studies of the stellar orbits in the barred spiral galaxies revealed that there are stable periodic orbits called as the x 1 and x 2 orbit families (Contopoulos 1988; Athanassoula 1992 ) with additional higher-order resonance family and the other stationary-orbit family in which a particle moves around the periodic orbits. (Bureau, Athanassoula 1999; Bureau, Athanassoula 2005) . Dynamical models for the Galactic bulge have been built with Schwartzschild's galaxy building technique (Zhao 1996; Häfner et al. 2000; Bissantz et al. 2004 ). However, a rigorous comparison of the model velocity fields or distribution function with observational ones has still been lacked. According to the model created by Zhao (1996) , 55% of stars in the bulge belong to the direct regular (mostly x 1 ) orbits, and the other 45% Fig. 6 . a. SiO longitude-velocity diagram overlaid on the CO l-v map (taken from Dame et al. 2001) . Note that SiO represents a stellar motion, while CO represents a gas motion. The large circle indicates a foreground object. The 240 pc molecular gas ring feature is faintly seen in the CO map, tracing a parallelogram through the points, (2 • , 220 km s −1 ), (−1 • , 100 km s −1 ), (−2 • , −220 km s −1 ), and (1 • , −100 km s −1 ) (cf. figure 6b) . The large circle indicates a foreground object. Thin outer curves spreading between V lsr = ±240 km s −1 are trajectories for the x 1 orbit family, and inner curves concentrating between V lsr = ±85 km s −1 and between l = ±1.2 • are those for x 2 orbit family. of stars are in composite (irregular and retrograde) orbits. The dynamical model created by Häfner et al. (2000) suggested a slight enhancement of mass distribution of stars at near-zero angular momenta with considerable high energies (figure 12 of Häfner et al. 2000) , though exact percentage of these stars and their spatial orbits were not given explicitly. It is desirable to compare the fraction of these low angular-momentum objects in these numerical models with the present result in future. More discussion on this issue is given in Appendix B.
Inner-bar objects in the longitude-velocity diagram
As described in section 3.1, we find a rough alignment of stars to the straight line (near the x 2 -family orbits ; figure 6b). A similar feature was seen in the l-v diagram of OH 1612 MHz data subset (|l| < 1
• and |b| < 0.5 • ; Sevenster et al. 1997) , which was shown clearly in figure 8 of Deguchi et al. 2000 in filled symbols. The feature seems to appear less clearly in the lower right quadrant of figure 6b, because the x 1 -family objects are expected to contaminate the sample more in the negative radial velocity than in the positive radial velocity.
We depicted the part of l-v diagram in figure 7b , prescribing the boundaries of the x 2 orbit feature based on the following considerations. Because of the concentration of 6 objects at the upper area, 0
• < l < 1.5 • and 100 < V lsr < 150 km s −1 , we designated these also in the x 2 family, though the theoretical curves for the x 2 family shown in figure 6b (Bissantz et al. 2003) reach only up to V lsr = 80 km s −1 . In fact, the x 2 orbits in the models of Englmaier & Gerhard (1999) extend up to ±120-140 km s −1 in their figures 13 and 14. The difference from Bissantz et al. (2003) seems to stem from the rapid rise of rotation curve at the inner 300 pc in the Englmaier & Gerhard (1999)'s model. Therefore, a considerable freedom seems to exist in dynamical models for the limiting stellar velocities in x 2 orbits, though some constraints can be obtained from CO gas observations (e.g., Stark et al. 2004 ). Furthermore, stellar (composite) orbits can possibly be extended beyond the outer boundary of gas x 2 orbits.
Numerical model calculations predicted a very low fraction (less than 1 %) of x 2 orbits stars among the whole bulge stars (Zhao 1996; Häfner et al. 2000) . However, the present SiO observation seems to give more than a few percent of stars belong to the x 2 orbit family, though exact evaluation of the fraction is somewhat difficult due to lower survey completeness of SiO maser sources at the outer part of the bulge. Moreover, the boundary drawing in figure 7b is slightly subjective. Therefore, we made a statistical analysis for the designated object sets and checked the validity of grouping in figure 7b .
We performed the following two statistical tests. The first check is the latitude distribution for the two sets: one for the supposed x 2 family set (filled circles in figure 7b) , and the other for the supposed x 1 family set (open circles in figure 7b ). It is expected that the x 2 family orbits are centrally condensed inside the x 1 orbits. Therefore, the x 2 family objects spread less in Galactic latitude. The first two rows of table 7 summarize the result of statistical analysis: the average of |b| for the supposed x 2 family set is 0.40
• (±0.31
• ) while that for the supposed x 1 family set is 0.53
• (±0.27
• ). The t-test gives the probability of 0.10 for the null hypothesis of two sets having identical distribution functions. In the other words, we can state with a probability of more than 90% that the selected x 2 family set is more concentrated to the galactic plane than the selected x 1 family set is.
Above analysis indicates that the selection of the x 2 family objects is made roughly correctly, though the x 1 family objects may contaminate the x 2 family set in some degree (the opposite is less likely). Therefore, we investigated further whether or not evidence appears on the depth difference along the line of sight for these objects. We separated the sample into 4 sets: the foreground x 1 -family set, the background x 2 -family set, the foreground x 2 -family set, and the background x 1 -family set (most left, next left, next right, most right in figure 7b [the x 2 -family set devided into two by the broken line]; see the spatial geometry in the lower right panel of figure 10 ). The result is shown after the 3rd raw of Table 7 . In these sets, set 1 has brightest K H−K , and set 2 has faintest K H−K . The t-test gives that the difference of K H−K between set 1 and set 2 is statistically significant with the 90% significance level, though not for other pairs of the sets.
In this analysis, it is robust that there is a significant difference of about ∼ 0.5 mag in mean K H−K mag for the foreside x 1 family objects from others. This value corresponds to the distance ratio of about a factor of 1.25, indicating that the set-1 objects are located at distance of 6.4 kpc from the Sun on the average if we assume the distance of 8 kpc for the other sets (average of sets 2 and 3) of objects. It is not clear why the average K H−K of the set 4 is brighter than the average K H−K of set 2. It may be due to statistical fluctuation by the small number of set 4, or contamination by members in composite-orbit families.
Conclusion
We surveyed the MSX/2MASS objects in the sky area of |l| < 3.5
• and |b| < 1 • in the 43 GHz SiO maser lines and obtained accurate radial velocities of the detected 163 objects. The l-v diagram of this sample clearly revealed the x 2 orbit family feature at the positive velocity side. Furthermore, an eccentric velocity feature, which cannot be attributed to the x 1 orbit family, appears on the same diagram. The extinction-corrected K magnitude (a distance modulus when subtracted by absolute magnitude), indicates a sequential deposition of these feature sets if we properly assign the fore and back sides of the bulge-bar objects from their radial velocities. Though the statistical tests do not necessarily give significant results except a few cases, the tendency appeared in the distance modulus is consistent with the dynamical model using periodic orbits in the bulge bar. We conclude that the measurements of average K magnitudes over light-variation periods will be useful for further accurate determination of the distance, as well as the presentation of the periodic orbits on the position-velocity diagram will be for comparison with the observations.
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Appendix. A. Individual objects
We presented all of the spectra of the SiO J = 1-0 v = 1 and 2 transitions for the detected objects in figure 9a-j. Here we discuss the individually interesting objects.
• J17404953−3055183 (∼OH 357.77−00.15 =IRAS 17375−3053) : Doubly peaked OH 1612 MHz object was detected by Parkes 64m telescope (HP BW ∼ 12.5 ′ beam) about 37 ′′ North-East of this object (Caswell et al. 1981) , and the position is close to the faint MSX object, G357.7672−00.1451 (F C = 0.8 Jy), and IRAS 17375−3053. However, slightly brighter MSX object with F C = 2.4 Jy, G357.7643−00.1591, is the object that we observed in the present paper. Because Sevenster et al. (1997) did not detect this object with VLA, we do not have accurate positions of this OH source. Because the radial velocity of SiO source differs only by 5.8 km s −1 to the center velocity of OH double peaks, we tentatively assigned this object to OH 357.77−00.15 in table 5.
• J17425115−2951513 (=G358.8932+00.0277): This is a bright infrared object with F C = 27.2 Jy with no IRAS counterpart within 1 ′ . The SiO J = 1-0 v = 1 spectrum exhibits interesting triple peaks spreading in the velocity span of about 20 km s −1 , which may be an indication of a supergiant with heavy mass loss. No previous OH maser observation was reported for this source.
• J17465905−2817037?
(=ISOGAL−P J174659.1−281658=OH .713 +.084): This is a faint OH/IR object which occupies a unique position in the left panel of figure 3 (K = 11.193 and H − K = 1.715), where it is out of the area aimed in the present SiO survey. This object was observed because of the previous OH detection ) and its peculiar characteristic in the K-H − K diagram. The SiO radial velocity, 98.4 km s −1 , agrees well with the center velocity of OH double-peaks, 96.8 km s −1 .
• J17481382−2725523 (=G001.5844+00.2889 =IRAS 17450−2724 ) : This is a bright IR source with F C = 44.8 Jy) and IRAS LRS class of 13 (no clear spectral feature). This object was observed for the sake of completeness in this SiO survey. SiO maser emission was detected first time in this survey at V lsr = −29.5 km s −1 , identifying this object as an O-rich evolved star. No OH 1612 MHz line has ever been detected.
• J17520868−2711412 (=G002.2335−00.3360 =IRAS 17490−2711): This is a bright IR source with F C = 15.7 Jy). SiO maser emission was detected first time in this survey at V lsr = −81.5 km s −1 , identifying this object as an O-rich evolved star.
Appendix. B. Approximate Orbits
From the deduced trajectory in the l-v diagram (figures 7ab), we can draw an approximate orbital curve on the 2D coordinate system corotating with a bar. Here we assume that a pattern velocity of the bar, Ω p =60 km s −1 (Bissantz et al. 2003) . The particle position on the line of sight can be written as
Here the Y axis is taken along the line of sight toward the galactic center and the X axis is taken to be perpendicular to the Y axis on the galactic plane, and V X , and V y are the velocity components on the X and Y directions on the co-rotating system, respectively, and Y 0 is the integration constant. The velocity, V Y , is given from the assumed trajectory (V r ) as a function of the coordinate X in the corotating system as
Here, V r is the radial velocity of a star in the rest frame (≡ V lsr + V 0 sin l, where V 0 and l are the rotational velocity of the Local Standard of Rest and the Galactic longitude, respectively). Because the velocity perpendicular to the line of sight, V X , is unknown, we assume for simplicity that V X is constant on each segment of the trajectory. Then, equation (2) indicates that the linear segment of the trajectory in the l-v diagram is expressed by a part of parabola in the X-Y coordinates. The four linear segments of the trajectory (upper panel of fig 10) can be drawn as a closed loop of four segments of parabola as shown in the lower panel of figure 10 . (Because the straight dotted lines connecting the upper and lower edges in the upper-left panel are just a first guess, they are not verified except for the case of the 2:1 resonance. For the case of 4:1 resonance, these parts are inferred to be complex crossed curves.) Because the assumption of constant V X is not exactly hold for the realistic cases, an orbit obtained with this method is quite approximate. However, the obtained looped orbit correctly shows an elongation along the large scale bar major axis, and four corners of the orbit suggesting correctly the self-crossing looped orbit, even though the width of the loop can vary with arbitrary choice of constant value of V X . The obtained loop orbit is similar to the x 1 family orbits shown in figure 6 of Skokos et al. (2002) , or self-crossing orbits in the figure 13 of Regan & Teuben (2004) . However, because the orbits, which are inferred from the observation, do not satisfy any dynamical requirements, the stars on these orbits may not necessarily rotate at the bar pattern speed in a loger time scale. The difference of the pattern speed makes the pericenter precession, and a real orbit is likely to be a non-closing loop. Such a precessing orbital motion makes the limiting radial velocities smaller (with making large angles to the line of sight from the Sun), as illustrated by the broken lines in the upper-left panel in figure 10 (for example of a dynamical model, see figures 4-6 of Pichardo et al. 2004 ). In the case when the precessing motion is rapid (higher-order resonance or composite orbits), the particle density in the l-v diagram tends to be homogeneous in the broken square in the upper-left panel in figure  10 . With such highly irregular or composite orbits, it may be hard to explain the presence of "holes" in the l-v diagram as shown in figure 6 . Therefore, the slow-precession, as for the 4:1 resonance family orbits (as illustrated by Contopoulos 1988; Kaufmann & Patsis 2005) , would be preferable as an explanation of the eccentric group of stars. Fig. 10 . Schematic trajectory in the position-velocity diagram (upper panels) and the corresponding spatial orbit in the corotating system (lower panels). The left panels illustrate the case of eccentric-velocity group and the right panels the case of the x 2 orbits. They are assumed to be expressed by the segments of linear trajectory in position-velocity diagram, but in fact, they must be more smoothed curves. The open and filled arrows show the directions of motion. The position-velocity diagram (X-V Y ) can be converted to the l-Vr diagram by adding the rotation of the coordinate, X Ω P . Dotted lines in the left panels are just guesses connecting the upper and lower segments, which may be more complex curves for 4:1 or higher-order resonace orbits. Broken lines in the top left panel indicate the upper and lower limits for the orbits precessing relatively to the bar pattern, which is indicated by broken arrows in the lower-left panel. The Sun is supposed to be located at (0, −8) in the lower panels. Messineo et al. (2003) . ♯ Star image severely blended in the K band. Sevenster et al. (1997) , (2) Caswell et al. (1981) , (3) Taylor et al. (1993) , (4) Sjouwerman et al. (1998) 
